Background
Obstructive sleep apnea (OSA) has been classified as a sleep breathing disorder. OSA is thought to be an important risk factor for cardiovascular disease. Associations have been reported between sleep apnea and systemic hypertension, pulmonary hypertension, ischemic heart disease and stroke.
OSA is characterized by recurrent obstructions of the upper airway during sleep, which are followed by lowering of blood hemoglobin oxygen saturation. This repeated hypoxia and reoxygenation cycle is similar to hypoxia-reperfusion injury, which initiates oxidative stress. Oxidative stress is characterized by an imbalance between oxidant-producing systems and anti-oxidant defence mechanisms, which results in excessive formation of reactive oxygen species (ROS). ROS can damage various biomolecules and cellular components, but they also act as important signalling molecules which play roles in induction and activation of multiple genes [1] . ROS can oxidize lipids, proteins, carbohydrates and DNA, and thus can alter their functions. Several studies have suggested that OSA is associated with increased levels of oxidative stress markers [2] [3] [4] [5] or decreased antioxidant defence [6] . Mainly the phase of reoxygenation is thought to be the period during which increased production of ROS occurs.
It has been established that treating OSA patients by continuous positive airway pressure (CPAP) decreases levels of oxidative stress-related markers [7] .
Previous studies found correlation of levels of some molecules (which are possible markers related to oxidative stress) and various diseases including chronic renal failure and hemodialysis patients, diabetes mellitus, diabetic kidney disease, arterial hypertension, myocardial ischemic syndromes and atherosclerosis [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . This study was conducted to determine whether these molecules are also altered in OSA patients.
We measured levels of soluble receptor for advanced glycation end-products (sRAGE), pregnancy-associated plasma protein-A (PAPP-A), matrix metalloproteinases 2 and 9 (MMP-2 and MMP-9) and high sensitive C-reactive protein (hsCRP).
hsCRP is an acute phase protein and serves as a marker of inflammation. High CRP levels are linked to risk of atherosclerosis and it appears to be a marker for cardiovascular risk [20] . Oxidative stress is associated with higher CRP levels [21] . Previous works showed an association between CRP and OSA [22] . PAPP-A (or pappalysin 1) is a metzincin superfamily metalloproteinase. PAPP-A has been used in prenatal genetic screening. It was also used as an oxidative stress marker [11] and a marker of risk of atherosclerosis [12, 13] .
RAGE is a multiligand transmembrane receptor. Deleterious effects mediated by AGEs are prevented in part by this receptor lacking the transmembrane domain-soluble RAGE (sRAGE), which occurs in vivo. Higher sRAGE was found in patients with diminished renal function [14] . Low sRAGE level was described in patients with arterial hypertension [15] and diabetes mellitus complications [17] . Association between AGEs and OSA was also previously published [23] .
MMP-2 (or gelatinase A) and MMP-9 (or gelatinase B) are Zn 2+ and Cu 2+ dependent endopeptidases. MMP-2 and MMP-9 are involved in degradation of collagen type IV, elastin and fibronectin. ROS have been shown to regulate the levels of MMPs in various cellular and in vivo systems [24] . MMPs, among others, play a role in many pathological processes in cancerogenesis and cardiovascular diseases [25] . Increase in MMPs activity was shown to be associated with the progression of atherosclerotic plaques to their rupture [26] and recently published elevation of MMP-9 in OSA [27] .
Copper (Cu) and zinc (Zn) are necessary trace element for the body. Copper is a part of an antioxidant enzymes, as are superoxide dismutase (SOD), ceruloplasmin, and cytochrome c oxidase [28, 29] . Copper, together with zinc, plays an important role in antioxidant defense mainly as a part of Cu/Zn SOD. Zn is necessary for correct function of MMPs and PAPP-A. It was shown that Cu-deficient rats had higher level of isoprostanes as marker of oxidative stress compared to Cu normal rats [30] . However, it was also found that high levels of Cu and other metal elements impair oxidative stress [31] . Low zinc levels are also thought to be associated with increased oxidative stress and reduced antioxidant defense [32, 33] .
Material and Methods

Study protocol
Adult men with suspicion of OSA indicated for nocturnal polygraphy in the sleep laboratory were enrolled in the study. A total of 51 men were examined. All subjects signed an informed consent, and the procedures were approved by the local ethics committee. Enrollment was preceded by examination with special respect to the subject's medical history. Excluded from the study were patients with the following diseases: stroke or cerebral injury less than 6 month before the study, major cardiological diseases including cardiac insufficiency and manifest coronary artery disease, pulmonary hypertension, and patients with diabetes mellitus treated with insulin.
Sleep study
During the night (from 11 p.m. through 6 a.m.) patients were examined using the method of nocturnal polygraphy (monitored parameters were: nasal airflow, thoracoabdominal wall motion, heart rate, blood hemoglobin oxygen saturation, respiratory noises and body position). The nocturnal polygraphy was scored visually according to recommendations of the American Academy of Sleep Medicine (AASM) 2007 using 3% blood hemoglobin oxygen saturation decrease as the level of significance. The following parameters were scored: the apnea/hypopnea index (AHI -mean number of apneas and hypopneas per hour of subjective sleep duration), the oxygen desaturation index (ODI -mean number of oxygen hemoglobin saturation drops of 3% or more per hour of subjective sleep duration), mean blood hemoglobin oxygen saturation (SpO2) and duration of oxygen blood saturation dip below 90% (SpO2<90%).
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Biochemical examination
In the morning after polygraphy, fasting venous blood samples were taken. Selected markers were measured: hsCRP, PAPP-A, MMP-2, MMP-9, sRAGE, Cu, Zn. Blood samples were centrifuged for 10 minutes at 1450 g and then serum was frozen and stored until analysis. Cu concentration in the diluted (1+9) serum samples were determined by inductively-coupled plasma mass spectrometry on a PE Elan 6000 instrument (Perkin Elmer, Norwalk, CT, USA). Calibration solutions were spiked by the important serum matrix compounds (NaCl, KCl, NaNO 3 , KBr). PAPP-A and hs-CRP were measured by TRACE (Time Resolved Amplified Cryptate Emission) on the KRYPTOR analyser using standard kits (Brahms, Henningsdorf, Germany). sRAGE, MMP-2, MMP-9 (all kits RD Systems, USA) were assessed with standard ELISA (enzyme-linked immunosorbent assay). We further used standard laboratory methods to measure blood count, minerals, renal function, liver enzymes, lipids, glycemia. Mean levels (± SD) of these parameters are shown in Table 1 .
Statistical analyses
Correlation analyses were performed with the parametric Pearson test. The group comparisons were performed with one-way parametric ANOVA, and the correction for BMI was performed using analysis of covariance (ANCOVA). Multiple regression was used to obtain and compare the effects of individual predictors of oxidative stress-related markers levels. All these test were performed using 
results
Body mass index (BMI) and ventilation parameters were correlated to chosen oxidative stress-related markers for the whole group of patients independent of OSA intensity.
We found strong correlations between BMI and levels of MMP-9 (P≤0.001), Cu (P=0.035) ( Figure 1 ) and hsCR (P≤0.001) (Figure 2 ). BMI was also positively correlated with fibrinogen (P=0.019) and negatively correlated with sRAGE (P=0.006) ( Table 2) .
Concerning ventilation parameters, we found significant positive correlations for hsCRP and ODI (R=0.450, P=0.001) (Figure 1) There were no correlations between OSA parameters and markers MMP-2 and PAPP-A. There were no correlations between oxidative stress markers and lipid spectrum parameters and other biochemical parameters. BMI correlated significantly with all the parameters of ventilation. Multiple regression showed that strong correlation between oxidative stress-related parameters and OSA is explained by connection of these parameters to BMI (R=0.322, beta 0.397, P=0.011).
Further patients' results were divided into 4 groups according to OSA severity, because we wanted to ascertain if markers' levels are dependent on ventilation parameters. Group 1 was patients with AHI ≤5 (considered as controls without OSA), group 2 was AHI between 5 and 15, group 3 was AHI between 15 and 30, and group 4 was AHI ≥30. Values of oxidative stress-related markers according to OSA severity are shown in Table 3 . By ANOVA test we found significant difference in serum level of Cu and hsCRP between groups 1 and 4 ( Figure 3 and Figure 4 ). Post-hoc Tukey HSD testing verified the difference in level of Cu between group 1 (803.2 ng/ml ±113.4) and group 4 (1045.8 ng/ml ±170.1), p=0.023. There was also significant difference between serum levels of hsCRP between groups 1 and 4 (0.9 µg/ml ±0.8 vs. 4.8 µg/ml ±3.6), p=0.039. These 2 differences are significant even after correction for BMI (ANCOVA).
discussion
Oxidative stress is a condition resulting from an imbalance between the prooxidative state and the antioxidant defence.
Oxidative stress results in production of reactive oxygen species (ROS). ROS affect other biomolecules and change their characters. It is difficult to measure levels of ROS, mainly because of their extreme instability and biochemical reactivity, so it is easier to measure oxidative stress indirectly by ROS effects on other molecules (changes in structure, function and quantity of these molecules). General standardization tests for quantification of oxidative stress are lacking. This study was designed to assess the impact of OSA on novel parameters related to oxidative stress. Table 2 . Significant correlations.
BMI
BMI -Body Mass Index; AHI -Apnea/Hypopnea Index; ODI -Oxygen Desaturation Index; Mean SpO2 -mean night O2 saturation; SpO2 <90% -time of saturation below 90%; Cu -Copper; MMP-9 -Matrix-Metalloproteinase 9; hsCRP -high sensitive C-reactive Protein; sRAGE -soluble Receptors for Advanced Glycation End-products. In our study we again statistically confirmed that higher BMI leads to higher OSA intensity. Higher BMI is associated with increased oxidative stress, independently of other parameters such as OSA [34] .
We found strong positive correlation for hsCRP, MMP-9 and ODI and SpO2 <90%. AHI correlated positively only with hsCRP. Together with another study [2] we suggest that ODI is a stronger predictor of oxidative stress level than is AHI. Markers hsCRP, MMP-9, Cu and fibrinogen correlated well with BMI. The strongest correlation was demonstrated for MMP-9, hsCRP and Cu and parameters of OSA (especially ODI and SpO2). MMP-9, hsCRP and Cu levels are higher in severe OSA patients (according to ODI) and this correlation is further explained by association of ventilation parameters to BMI. These markers could be used as general biochemical molecules associated with oxidative stress in obese patients. Obesity seems to be primary risk factor of the increased oxidative stress state.
According to our results, the strongest biochemical markers of oxidative stress in OSA patients are Cu and hsCRP, independently of BMI as verified by analysis of OSA subgroups and using BMI as a covariate.
C-reactive protein (CRP) is an inflammatory marker; it is thought to be an acute phase reactant. Studies suggest that oxidative stress may have pro-inflammatory effects, but data on the relationship between oxidative stress and CRP in healthy persons is sparse. Higher levels of CRP and fibrinogen were found in OSA patients [21, 35] . hsCRP was proved to be an oxidative stress marker [20, 36] . Another study confirmed a positive correlation between CRP and AHI and a negative correlation between CRP and mean nocturnal saturation [37] . Difference in serum level of hsCRP and Cu in patients without OSA (AHI ≤5) and patients with severe OSA (AHI ≥30) remains significant even after correction for BMI. Therefore these 2 markers could be used as parameters of oxidative stress in OSA, independently of BMI. Increased Cu level in severe OSA patients and obese patients seems to be a strongly associated factor, but its significance is not well explained. Cu and Zn are trace elements important for functioning of the antioxidase system, especially as part of SOD.
MMPs have a primary function in degradation of the extracellular matrix proteins, and play a role in normal tissue remodeling. They also perform essential functions at the cell surface involved in signaling, cell survival, and cell death. MMP-9 is prepacked in neutrophils and released under neuroinflammatory conditions [38] . MMP-9 level is associated with oxidative stress in patients with acute coronary syndrome [39] . MMP-9 was found higher not only in the brain after reperfusion injury but also after liver hypoxia [38, 40] . In our study MMP-9 level was associated with severity of OSA according to ODI and mean SpO2 and SpO2 <90%.
RAGE is a transmembrane receptor of the immunoglobulin superfamily. The interaction between RAGE and its Cu (ng/ml) Zn (ng/ml) MMP-2 (ng/ml) MMP-9 (ng/ml) hsCRP (ug/ml) PAPP-A (mU/l) sRAGE (pg/ml) Table 3 . Oxidative stress related markers levels according to OSA intensity.
All -All patients independently to AHI; AHI -Apnea/Hypopnea Index; Cu -Copper; Zn -Zinc; MMP-2 -Matrix-Metalloproteinase 2; MMP-9 -Matrix-Metalloproteinase 9; hsCRP -high sensitive C-reactive Protein; PAPP-A -Pregnancy Associated Plasma Protein-A; sRAGE -soluble Receptors for Advanced Glycation End-products.
ligands can cause activation of pro-inflammatory genes by activation of nuclear factor NF-kB. Isoforms of the RAGE protein, which lack the transmembrane and the signaling domain, are commonly referred to as soluble RAGE (sRAGE), a naturally occurring inhibitor of AGE-RAGE action. There was shown to be a higher level of AGEs in OSA patients, dependently on OSA severity [23] . We found that sRAGE level is associated with AHI, ODI and also negatively associated with BMI. Thus we can propose the hypothesis that sRAGE protects against oxidative stress and its level in OSA and obese patients is decreased.
OSA is an independent risk factor in obesity for increased oxidative stress state as shown by diminishing of some oxidative stress-related markers after CPAP therapy [3, 7, 41] .
It is apparent that our group of patients is not homogenous as concerned the comorbidities. Oxidative stress is thought to be associated with many factors including obesity, smoking, age, hypertension, diabetes, and dyslipidemia. Therefore assessment of the relationship between OSA and oxidative stress intensity may be influenced by such confounding variables.
conclusions OSA, unlike obesity, is a treatable risk factor of systemic inflammation and oxidative stress. Our study provides evidence of increased oxidative stress in OSA patients, predominantly in obese ones. In patients with severe OSA (AHI over 30), this effect is additive to the influence of obesity.
